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(54) Electroluminescent device as a source for a scanner

(57)  An electroluminescent device (100) used as an
illuminating source in a scanner. The device includes at
least one solid-state electroluminescent element (100),
which has a transparent electrode (102) with a top sur-
face (112), a radiation generating stack (104) under the
transparent electrode (102), and a second electrode
(106) with a bottom surface (107) under the radiation
generating stack (104). Radiation is generated from the
radiation generating stack (104) when a selected volt-
age source (110) is coupled across the electrodes
(102,106). Most of the radiation generated is emitted ei-
ther from the top surface (112) or from (the top and the
bottom surfaces). When the scanner scans a medium,
the emitted radiation is substantially uniform at least
across the top surface (112) of the transparent electrode
(102) to create a uniform radiation source for illuminat-
ing the medium.
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Description

The present invention relates generally to electro-
luminescent devices and more particularly to using an
electroluminescent device as a radiation source for a
scanner.

For a number of years, the best light source for
scanning a document has been a fluorescent lamp. Fig-
ure 1 shows such a tube fluorescent lamp. A large po-
tential difference generated between the two electrodes
at the ends of the tube breaks down a noble gas, such
as argon, inthe tube. Currents then conduct through the
tube vaporizing and ionizing mercury droplets in the
tube. When the mercury ions recombine after being ex-
cited, ultraviolet radiation is generated. The tube is coat-
ed by phosphors, which transform the incident ultravio-
let radiation to visible light.

A fluorescent lamp is commonly used as the light
source in an office document scanner because of its rel-
atively low cost relative to prior art alternative light
sources. However, the fluorescent lamp has some
shortcomings when used for this purpose. Most notably,
the fluorescent lamp is not a stable light source. It is an
arc lamp, with light output highly dependent on the lo-
calized temperature dynamics of the arc, the noble gas
and the vaporized mercury. Consequently, the light in-
tensity from the lamp varies both spatially and tempo-
rally along the length of the lamp. Such variation de-
grades the accuracy of scanned images. Also, the fluo-
rescent lamp should be warmed-up prior to use, as the
heat generated from the arc has to vaporize and uni-
formly distribute the otherwise liquid drops of mercury.
In addition, the fluorescent lamp is quite bulky and
should be shielded to protect the scanner sensor from
heat and stray light.

The problems are intensified in a color scanner as
shown in Figure 2A. In such a scanner, one typically
needs three different broadband illuminators as the
source to cover the visible spectrum. To scan the color
of an area, each illuminator sequentially shines onto it.
Reflections from each illuminator are measured to re-
construct the color of the area.

Normally, fluorescent lamps are broadband devic-
es. Typically, the phosphors in each lamp are selected
to irradiate in the red, green or blue of the visible spec-
trum, so that the three lamps fully cover the visible spec-
trum. In a prior art embodiment, the three lamps are put
into an optical system so that they all illuminate a com-
mon scan line on an object, and the reflected_light is
measured by a sensor. This system works, but may be
inaccurate, wasteful and complicated because, in addi-
tion to all the above-identified difficulties of fluorescent
lamps, the phosphors in each lamp age at different
rates. This can lead to color error. Also, as shown in Fig-
ure 2A, the light generated by each lamp is not direc-
tional. In scanning, one is looking at specific areas. The
light that is not pointed towards those areas is wasted.
In tact, such wasted light power usually tends to gener-
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ate unwanted heat, which means that one needs to have
thermal isolation.

Figure 2B shows another prior art method using a
single white light fluorescent lamp as the source of a
typical scanner. In this example, the reflected beam is
split into different paths to be measured by sensors that
are sensitive to different colors. The difference in sensi-
tivity to different colors may be achieved by placing dif-
ferent filters over the same type of sensors. This method
again incurs the weaknesses of a fluorescent lamp.

Note that lasers or light-emitting-diodes (LEDs) are
not very suitable as broadband illuminators. This is be-
cause both lasers and LEDs are inherently narrow-band
devices. If the source is made up of ared, a green and
ablue LED, color error may occur for an object area that
is not primarily red or green or blue.

One excellent solution to the above problems has
been proposed in a commonly assigned and co-pending
U.S. application, titled, "An Edge Emitter As a Direction-
al Line Source". That application describes different
types of solid-state electroluminescent devices, all with
edges. Each of them provides a broadband, directional,
solid-state source that is stable, spatially and temporally
uniform, rugged, efficient, compact and requires practi-
cally no warm-up period. The radiation generated emits
from an edge of the device. If the devices are used in a
scanner, it is very important for the devices to be stable
spatially and temporally. In order to find out what one
has scanned, typically, one compares the reflected ra-
diation from the scanned surface with the incident radi-
ation. A scanner would be much more expensive to ac-
commodate for spatial and temporal variations in the in-
cident radiation. Also, the devices in the co-pending ap-
plication are very efficient because the radiation is emit-
ted from edges over narrow lines. However, in some ap-
plications, one may not want to have the radiation con-
fined to too narrow an area.

Figure 3 illustrates one problem encountered by a
very narrow source when it is used in a scanner. Typi-
cally, the medium scanned is planar, shown as dotted
lines in Figure 3. As light shines onto the planar medium,
diffused light will be reflected and measured by a sensor.
However, in many situations, one has to scan a medium
with a curved surface, such as bound-printed subject
matter close to the cusp of two adjacent pages. Due to
the curvature of the medium, the light may impinge on
a position quite different from the desired position; then
the amount of the reflected diffused light reaching the
sensor may be significantly reduced. One way to resolve
the problem is to increase the power of the source and
to widen the beam-width of the radiation through optics.
However, this will increase the complexity and cost of
the scanner.

It should be apparent from the foregoing that there
is still a need for a broadband radiation source that is
spatially and temporally uniform, with a beam-width
more suitable to be used in a scanner, and that is rela-
tively inexpensive to build.
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The present invention is on a broadband radiation
source that is spatially and temporally uniform, with a
beam-width more suitable to be used as an illuminating
source for a scanner, and that is relatively inexpensive
to build. Also, the invented solid-state electrolumines-
cent element provides a broadband, directional, stable,
rugged, efficient, compact source, which requires no
warm-up time.

In one embodiment, the solid-state electrolumines-
cent element includes a transparent electrode with a top
surface, a radiation generating stack under the trans-
parent electrode, and a second electrode under the ra-
diation generating stack. The second electrode has a
bottom surface. With a selected voltage source coupled
across the electrodes, the radiation generating stack
emits radiation. Most of the radiation generated is emit-
ted either from the top surface or from the top and the
bottom surfaces, depending on the preferred embodi-
ments. When the scanner using the electroluminescent
element scans a medium, the emitted radiation is sub-
stantially uniform at least across the top surface of the
transparent electrode. This would create a uniform ra-
diation source for illuminating the medium.

Unless stated otherwise, the bottom electrode is
preferably a reflective electrode. With radiation emitting
from the top surface instead of from edges, the electro-
luminescent element can be more easily designed to be
an illuminating source for a scanner. One can change
the beam-width of the emitted radiation by changing the
desired size or the top surface of the transparent elec-
trode. In one embodiment, the top surface has a length
of 9 inches and a width of a quarter of an inch.

The source is very rugged because it can be made
of solid-state layers on a variety of mechanically strong
substrates, such as glass. The source is also very effi-
cient because radiation is emitted over a controlled ar-
ea, which substantially coincides with the object line to
be scanned. Inherently, the source is stable overa broad
temperature range. The temperature across the inven-
tion is fairly uniform, and there is no warm-up require-
ment. Moreover, the light generated is both spatially and
temporally uniform or homogenous because of the uni-
formity of the thin or thick-film process to make the de-
vice.

Preferably, the radiation generating stack includes
an active layer sandwiched between two dielectric lay-
ers. The selected voltage source excites the dopantions
in the active layer; when the excited ions relax, radiation
is generated. By careful selection of the dopant ions,
one can tailor the bandwidth of the emission to increase
the colorimetric accuracy of the source. In one embod-
iment, there are a number of active layers between the
dielectric layers; the radiation emitted from different ac-
tive layers centers around different frequencies so that
the combined effect of the radiation has a desired spec-
tral power distribution, such as white.

Another preferred embodiment of the present in-
vention includes a sensor and a second electrolumines-
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cent element that is substantially the same as and po-
sitioned adjacent to the electroluminescent element de-
scribed above. The scanner has a scanning surface that
is substantially in contact to the medium being scanned.
In this embodiment, the top surfaces of the transparent
electrodes of the two electroluminescent elements are
substantially coplanar to each other, and are parallel
and in close proximity to the scanning surface. The el-
ements and the sensor may even be integrated. This
preferred embodiment may further include lens struc-
tures to control the radiation reflected from the medium
to be measured by the scanner.

In the above described embodiments there are one
ortwo electroluminescent elements that are substantial-
ly the same. However, the present invention is not con-
strained to such limitations. One can have three ele-
ments that are substantially identical to each other, ex-
cept the radiation from each element is centered around
a frequency different from the other elements. Prefera-
bly, the elements are electronically controlled to emit ra-
diation sequentially or simultaneously. In fact, one is not
limited to have just three elements.

In many applications, the electroluminescent ele-
ment has an elongated shape with a flat-top surface.
The uniformity of the emitted radiation across the medi-
umto be scanned by such an elongated shaped element
can be improved by a number of methods. For example,
the widths at the two ends of the element are made wider
than the width at the middle of the element; the radiation
generating stack is thinner at the two ends of the ele-
ment than at the middle of the element; or the voltages
applied at the two ends of the element are higher than
at the middle of the element.

In yet another preferred embodiment, an inductor is
connected across the two electrodes of one of the above
electroluminescent elements. The electroluminescent
element and the inductor form a resonating circuit to in-
crease the power efficiency of the element.

Other aspects and advantages of the present inven-
tion willbecome apparent from the following detailed de-
scription, which, when taken in conjunction with the ac-
companying drawings, illustrates by way of example dif-
ferent embodiments of the invention. In the drawings:

Figure 1 shows a prior art tube fluorescent lamp.

Figures 2A-B show prior art color sources using
lamps.

Figure 3 shows a source and a sensor in a scanner
scanning two pages from a book.

Figures 4A-F show different preferred embodi-
ments of the present invention.

Figure 5 shows a preferred embodiment scanning
a medium.

Figures 6A-C show a preferred electroluminescent
element with different lens structures.

Figure 7 shows a preferred embodiment with lens
structure on a sensor.

Figures 8A-E show different preferred embodi-
ments with two electroluminescent elements.
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Figure 9 shows a preferred embodiment with three
electroluminescent elements.

Figure 10 shows a preferred embodiment with many
electroluminescent elements.

Figure 11 shows a preferred electroluminescent el-
ement with a curved top surface.

Figure 12 shows a preferred electroluminescent el-
ement with its width wider at its ends than at its middle
section.

Figure 13 shows a preferred electroluminescent el-
ement with its active layer thinner at its ends than at its
middle section.

Figure 14 shows a preferred electroluminescent el-
ement with its applied voltage higher at its ends than at
its middle section.

Figure 15 shows a preferred electroluminescent el-
ement connected to an inductor.

Figure 16 shows a preferred electroluminescent el-
ement with a transparent electrode adjacent to a trans-
parent substrate.

Figure 17 shows a preferred electroluminescent el-
ement with two transparent electrodes.

Figure 4A shows a preferred electroluminescent el-
ement 100 of the present invention. The element 100
includes a transparent electrode 102 with a top surface
112, aradiation generating stack 104 and a second elec-
trode 106, with a bottom surface 107. The electrodes
are connected to a voltage source 110. Unless stated
otherwise, the second electrode 106 is preferably a re-
flective electrode.

The electroluminescent element is very rugged be-
cause it can be made of a thin-film stack on a glass sub-
strate, a ceramic substrate or other types of substrates
108. With light generated through electroluminescence,
the source is very stable, with practically no non-uniform
temperature rise or warm-up period. Moreover, the light
generated and emitted from the top surface 112 is sub-
stantially uniform or homogenous both spatially and
temporally because of the uniformity of the thin-film
process in making the element.

Another benefit of the element is that it is flat and
directional. Prior art fluorescent lamps are bulky and cy-
lindrical in shape. When the lamps illuminate the medi-
um to be scanned, light radiates into many different di-
rections. Energy is lost, generating heat for the environ-
ment. Thus, one has to thermally isolate the lamps. A
flat and directional solid-state source greatly alleviates
such problems.

Different embodiments are suitable for the radiation
generating stack 104. Figure 4B shows one preferred
embodiment with the stack including an active layer 150
and an insulating layer 152 which may be dielectric; and
Figure 4C shows another preferred embodiment with
the stack 104 including an active layer 156 sandwiched
between two insulating layers, 154 and 157.

The voltage of the source creates excited dopant
ions in the active layer. When the excited dopants relax,
photon radiation is generated. By controlling the level
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and the frequency of the voltage, one can control the
power level of the radiation emitted. Although some of
the generated radiation may leak out from the edges,
such as 114, of the element, most of the generated ra-
diation emits from the top surface 112. This is because,
typically, the area of top surface 112 is orders of magni-
tude greaterthan the areas occupied by the edges. Also,
in order for some of the radiation to be emitted from the
edges, they might have to travel through a long distance
before reaching an edge. Before they reach an edge,
they may have been attenuated, or may have already
emitted from the top surface 112, through the transpar-
ent electrode 102.

The amount of radiation emitted from the top sur-
face can be increased by roughening either the top or
the bottom surface. In fact, the amount of radiation can
be increased by increasing the roughness of any inter-
facing surface between any of the layers described
above, such as the interfacing surface 153.

Figure 4D shows another preferred radiation gen-
erating stack 104; it includes three active layers, 160,
162 and 164, between two insulating layers, 158 and
166. Typically, the radiation from each active layer cent-
ers around a frequency that is different from the other
active layer. For example, one centers around blue-
green, and another centers around red. When all the lay-
ers are excited, different radiation is combined to gen-
erate the radiation with a desired color.

Figure 4E shows another preferred embodiment
with two electroluminescent elements, one on top of the
other. One element 180 includes a transparent layer
168, a radiation generating stack 170 and another trans-
parent layer 172; the second element 182 includes the
transparent layer 172, a radiation generating stack 174
and a reflective electrode 176. The radiation from the
two elements may radiate around different frequencies,
or may radiate around the same frequency. If the fre-
quencies are different, then the radiation of the com-
bined effect would be at a color different from that of
each individual element. If the frequencies are the
same, then the amount of power radiated will be in-
creased. Note that one can have more than two electro-
luminescent elements, one on top of the other.

Figure 4F shows another preferred electrolumines-
cent element which is similar to the above described el-
ements except it has afilter 184 on top of the transparent
layer 186. In this embodiment, the emitted radiation is
filtered before they are emitted.

The different embodiments described can be mixed
and matched. For example, the filter in Figure 4F may
be used in the embodiments shown in Figure 4B and
Figure 4C.

In one example, the active film is made of zinc sul-
phide doped with manganese; another type of active
layer is made of strontium sulphide doped with cerium3+
to emit radiation in the blue-green regions; a further type
of active layer is strontium sulphide doped with
europium?2+ to emit radiation 154 in the red region. One
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type of filter is made of a dyed polyimide, which attenu-
ates the blue radiation leaving the green; another type
of dyed polyimide attenuates the green radiation leaving
the blue; a further type of filter is made of cadmium sul-
phide, which absorbs blue radiation and transmits green
and red radiation.

In one working embodiment, a transparent elec-
trode is made of indium tin oxide or zinc oxide of about
2000 Angstroms thick; a reflective electrode is made of
aluminum of about 1000 Angstroms thick; an insulating
layer is made of siliconoxinitride of about 2000 Ang-
stroms thick; and the active layer is about 1 micron thick.
The element is about 9" long in the Y direction, and 1/4"
wide in the X direction.

Although the films are described as thin-films, they
are not limited to very thin layers. The layers may be
made by different techniques, such as by vapor-depo-
sition or thick-film processes; and as an example, an in-
sulating layer may be as thick as ten microns. Also, al-
though one electrode is described as transparent and
the other reflective, both electrodes may be transparent;
in such an embodiment, radiation will be emitted from
two surfaces.

Figure 5 shows a preferred embodiment 204 with
an electroluminescent element 200 and a sensor 202 in
a scanner 206 scanning a medium 208. As described
above, in some preferred embodiments, the width of the
element can be 1/4" or more, a significant amount of
radiation will impinge onto the medium, and reflected by
the medium to be measured by the sensor 202. In some
other preferred embodiments, the width of the element
can be narrower.

Figure 6A show a preferred electroluminescent el-
ement 250 with one or more optical elements, such as
a cylindrical lens 252 on the top surface 254 of the ele-
ment 250. The lens distributes the radiation emitted from
the element 254 to a desired illuminating area. In one
preferred embodiment, the lens is integrated to the top
surface of the element 250. For that embodiment, pref-
erably the refractive index of the lens is substantially
matched to the refractive index of the active layer. One
preferred material for the lens is chalcogenide glass.
The refractive index of the transparent electrode can al-
s0 be substantially matched to the refractive index of the
active layer; one preferred material for such a transpar-
ent electrode is zinc oxide.

Figure 6B shows another preferred electrolumines-
cent element 258 with another example of cylindrical
lens 260. Figure 6C shows a trapezoidal prism 262 as
the optical element on a preferred electroluminescent
element 264. In this embodiment, most of the radiation
generated is emitted from the top surface 263. One can
redirect and concentrate the radiation generated by
making the top surface 263 reflective. Then, most of the
generated radiation is re-directed, and emits from the
side surface 265. As an example, if the acute angle 266
of the trapezoidal prism is about 15 degrees, and the
width 267 of the electroluminescent element 258 is 8
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mm, then the width 268 of the side surface 265 is about
2 mm, and the intensity of the emitted radiation is in-
creased by approximately four times.

In many applications, the sensor used in the pre-
ferred embodiments also includes one or more optical
elements. An optical element includes one or more lens-
es, prisms, mirrors and diffractive elements. Figure 7
shows a SELFOC lens 275, or a graded-index lens, for
a sensor 277 in a scanner 281, with a scanning surface
279, which touches the medium to be scanned. The
depth of focus of a typical SELFOC lens is about a few
millimeters. So the lens should be close to the medium
to be scanned, which is typically the case for the scanner
inside a facsimile machine.

Figure 8A shows a preferred embodiment 300 with
two electroluminescent elements 302 and 304. The top
surfaces 306 and 308 of the two elements are substan-
tially coplanar, and parallel and in close proximity to the
scanning surface 310 of the scanner 312. In one pre-
ferred embodiment, a sensor 314 is between the two
elements; such an approach is suitable to be used as a
low cost and compact scanner.

Figure 8B shows another embodiment 350 with two
electroluminescent elements 352 and 354. This embod-
iment 350 is suitable for a compact hand-held scanner.
The space between the two elements is transparent.
The radiation from the elements is focused by a
SELFOC lens 356 to a sensor 358. Figure 8C shows
one more embodiment 375 with two electroluminescent
elements 377 and 379. This embodiment is more suita-
ble for a deskiop document scanner. The radiation from
the elements is reflected by a mirror, and is focused by
a projection lens 383 to a sensor 385. The spacing be-
tween the two elements depends on the type of lens
used for the sensor. In one example for the embodiment
in Figure 8C, the separation between the elements is
about 1/16", and the elements are 9" long and 1/4" wide.

The top surfaces of the two electroluminescent el-
ements described in Figures 8A-C are substantially co-
planar. In other preferred embodiments, the two ele-
ments, 387 and 389, are tilted, as shown in Figure 8D.
The tilting helps to guide the emitted radiation towards
desired directions. In Figure 8E, guiding is further en-
hanced by a trapezoidal prism 391, with a sensor 397
positioned between two preferred electroluminescent
elements, 393 and 395.

Figure 9 shows a preferred embodiment 400 with
more than one electroluminescent element; in this case,
there are three electroluminescent elements, 402, 404
and 406. The three elements are in the shape of elon-
gated bars, similar in structure to those shown in Figures
B6A-C, each with a flat top surface. In one embodiment,
the flat top surfaces are substantially coplanar to each
other. In another embodiment, the flat top surfaces of
the electroluminescent elements on the two sides, 402
and 406, are tilted, as in Figure 8D, to help guide the
emitted radiation towards desired directions. Figure 9
shows the view of a cross-section of the elements with
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their top surfaces substantially coplanar to each other.
Typically, the radiation from the three elements centers
around three different frequencies. Each of them is ex-
cited electronically so that the combined radiation from
all of them has a desired spectral power distribution, with
a selected power. If the three elements are not physi-
cally close enough together, preferably, each of them
would have one or more optical elements to combine
the radiation. For example, the element 402 has the lens
structure 408. The three lens may be molded together
toform apackage 410 positioned on top of the elements.

The three elements do not have to be excited at the
same time. In fact, one might prefer to excite them se-
quentially. Then one would need only one linear array
of sensors to detect the emitted radiation. As the ele-
ments illuminate the medium to be scanned, the linear
array of sensors detects the reflected radiation. With the
three stacks excited sequentially, by synchronizing the
sensors' circuitry to the excitation frequency, one only
needs one array of sensors 1o measure the color of the
image.

In color scanning, active layers with appropriate fil-
ter layers may be used for each of the three elements.
Then, by electronically controlling the power of the radi-
ation from each element, one can combine the different
radiation from the different elements to cover a large
color gamut. An example of a large color gamut is one
that encompasses the object color space. In one exam-
ple, the three elements with three different spectral dis-
tributions center around the three primary colors, red,
green and blue.

The elements can also act as color separators to
give an accurate color reproduction of the medium being
detected. In fact, filter layers may not be necessary for
each of the elements if one uses active layers capable
of generating colorimetrically adequate illumination. For
example, the three elements may cover three different
spectral distributions that are a good approximation to
any linear combinations of the three CIE color matching
functions.

In one preferred embodiment, the radiation from the
three elements can combine to give a broadband white
light source. Preferably, the power distribution of such
a source should cover the visible spectrum, and should
not have any significant nulls within the distribution.

One is not restricted to use three elements for color
scanning. Another way is to use one element that radi-
ates white light, with a number of filters rotated over a
sensor to measure different colors. In one embodiment,
ared, a green and a blue filters are used.

Figure 10 shows a preferred embodiment 450 to
create a more uniform illumination with many electrolu-
minescent elements. They are all positioned very close
to each other. In one embodiment, the elements are sep-
arated into three groups. The first group includes ele-
ments 452, 454 and 456; the second group includes el-
ements 458, 460 and 462; and the third group includes
elements 464, 466 and 468. The radiation of the ele-
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ments from each group centers around a frequency that
is different from those in a different group. In the pre-
ferred embodiment 450, the elements are interleaved
together in a sequential manner, with the sequence fol-
lowing the group number, and with the element from the
first group selected after the third group. In one preferred
mode of operation, the elements are electronically con-
trolled so that elements from each group emit radiation
together, and the emission from each group is done in
a sequential manner. In another mode of operation, all
the elements emit together, and the combined effect of
the radiation from the elements is perceived to have a
desired spectral power distribution.

Figure 11 shows a preferred electroluminescent el-
ement 475 that is curved to help focusing radiation emit-
ted from the element 475 along a desired direction. In
this embodiment, each layer on top of the substrate 477
substantially replicates the curvature of the substrate
477.

A number of the electroluminescent elements de-
scribed are in an elongated shape with flat-top surfaces.
They have a length and a width, with the length much
larger in value than the width. Due to the discontinuities
at the two ends of the elements, the intensity of the emit-
ted radiation scanning the medium adjacent to the two
ends is slightly lower than the intensity of the emitted
radiation scanning the medium adjacent to the center of
the element. One way to compensate for the slight drop
in intensity at the two ends is to have an element that is
slightly longer than is required, and not use the radiation
at the two ends. Figures 12-14 show other preferred
methods to compensate for the slight drop at the ends.

Figure 12 shows a preferred electroluminescent el-
ement 500 with its width wider at its ends, 502 and 504,
than at its middle section 506. A wider width generates
more radiation, which would compensate for the drop at
the ends.

Figure 13 shows a preferred electroluminescent el-
ement 525 with its active layer 527 thinner at its ends,
529 and 531, than at its middle section 533. With the
same voltage applied across the entire active layer, a
thinner active layer will experience a higher electric pow-
er input, which would generate radiation at a higher in-
tensity.

Figure 14 shows a preferred electroluminescent el-
ement 550 with a higher voltage applied at its ends, 552
and 556, than at its middle section, 554. One way to
achieve this result is by electrically isolating the middle
section of one of the electrodes from its two ends, and
by adding a resistor 558 at the middle section 554 of the
element 550. In the embodiment shown in Figure 14,
the middle section of the transparent electrode is isolat-
ed by two gaps 560 and 562. Again, a higher voltage
would create a higher electric field, which would gener-
ate radiation at a higher intensity.

Each electroluminescent element has a capacitive
effect. One way to increase the power efficiency of the
element is shown in Figure 15, where a preferred elec-
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troluminescent element 600 is connected to an inductor
602. The resonating effect of the circuit reduces the
amount of power required to activate the element. The
inductor may be the secondary winding of a transformer.
Then a voltage source 604 can be coupled to the LC
circuit to deliver power to the electroluminescent device
by connecting the voltage source to the primary winding
of the transformer. The frequency of the voltage source
604 should be equal to the resonant frequency of the
LC circuit.

The scanner described in the present invention may
be a desk-top scanner or a portable scanner. It may be
used as a stand-alone scanner, or it may be incorporat-
ed in a copier, a fax machine or the "erase bar" of an
electrophotographic printer. Such instruments should
be well-known to those skilled in the art, and will not be
further described in this application. If the scanner is
used for a typical A4 size paper (8.5" by 11"), then the
elements may need to be more than 8.5 inches in length.

Inthe above descriptions, typically, color generation
is achieved by three electroluminescent elements. How-
ever, it should be obvious to those skilled in the art that
color generation can be achieved by two or more ele-
ments.

The surface covering the transparent electrode is
typically defined as the top surface. However, top and
bottom are relative terms. Figure 16 shows a preferred
embodiment 700 with a reflective electrode 706 on top
of a radiation generating stack 704, which is, in turn, on
top of a transparent electrode 702. If one flips the pre-
ferred embodiment 700 upside down, the transparent
electrode 702 will be on top. In the embodiment shown
in Figure 16, the "top" surface 710 of the transparent
electrode 702 is adjacent to atransparent substrate 708,
such as glass.

In most of the embodiments described, the electro-
luminescent element includes a transparent electrode
and a reflective electrode. Figure 17 shows another pre-
ferred embodiment 800 with both electrodes being
transparent. The embodiment 800 includes a first trans-
parent electrode 802 with a first surface 801, a radiation
generating stack 804, a second transparent electrode
806 with a second surface 807, and a transparent sub-
strate 808. Most of the emitted radiation generated is
emitted from both the first and the second surfaces. The
emitted radiation is substantially uniform across both the
first and the second surfaces to create a uniform radia-
tion source. One way to direct the emitted radiation to-
wards one direction is to have two mirrors, 810 and 812,
to reflect the emitted radiation.

Claims

1.  An electroluminescent device capable of use as an
illuminating source in a scanning apparatus, the de-
vice comprising a solid-state electroluminescent el-
ement (100), which comprises:
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atransparent electrode (102) with a top surface
(112);

a radiation generating stack (104) under the
transparent electrode; and

a second electrode (106) under the radiation
generating stack (104), the second electrode
having a bottom surface;

such that;

radiation is generated from the radiation
generating stack (104) when a selected
voltage source (116) is coupled across the
electrodes;

most of the radiation generated is emitted
either from the top surface or from the top
and the bottom surface; and

the emitted radiation is substantially uni-
form at least across the top surface of the
transparent electrode to create a uniform
radiation source for illuminating the medi-
um.

An electroluminescent device as recited in claim 1
wherein the second electrode (106) is a reflective
electrode (116).

An electroluminescent device as recited in claim 1
wherein the radiation generating stack includes:

a first dielectric layer,;

a second dielectric layer; and

a plurality of active layers between the two di-
electric layers;

such that the radiation emitted from different
active layers centers around different frequen-
cies so that the combined effect of all the radi-
ation has a desired spectral power distribution.

An electroluminescent device as recited in claim |
wherein the radiation generating stack (104) in-
cludes at least one dielectric layer and an active lay-
er (150).

An electroluminescent device as recited in claim 4
further comprising a plurality of electroluminescent
elements forming a stack, each being substantially
identical to the one recited in claim 4 except the
emitted radiation from a different element centers
around a different frequency so that the combined
effect of all the emitted radiation has a desired spec-
tral power distribution.

An electroluminescent device as recited in claim 1
wherein the electroluminescent element includes a
filter layer (184) to control the color of the radiation
emitted from the element.

An electroluminescent device as recited in claim 1
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11.

12.

13.
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further comprising an optical element (252) adja-
cent tothe top surface (254) of the transparent elec-
trode to control the beam-width of the emitted radi-
ation.

An electroluminescent device as recited in claim 7
wherein:

the optical element is optically coupled to the
top surface;

the radiation generating stack includes an ac-
tive layer. which has a refractive index: and
the refractive index of the optical element is
substantially the same as the refractive index
of the active layer.

An electroluminescent device as recited in claim 8
wherein the refractive index of the transparent elec-
trode is substantially the same as the refractive in-
dex of the active layer.

An electroluminescent device as recited in claim |
further comprising:

a sensor for measuring the radiation reflected
from the medium; and

an optical element to direct the radiation reflect-
ed from the medium to be measured by the sen-
sOr.

An electroluminescent device as recited in claim 1
further comprising a second electroluminescent el-
ement that is substantially identical and positioned
adjacent to the electroluminescent element recited
in claim 1.

Scanning apparatus for a medium, comprising an
electroluminescent device as claimed in any pre-
ceding claim.

Scanning apparatus as in claim 12, embodying the
device of claim 11, wherein the scanning apparatus
has a scanning surface that is substantially in con-
tact to the medium when the medium is scanned;

a sensor is located between the two electrolu-
minescent elements; and

the top surfaces of the transparent electrodes
of the two electroluminescent elements are
substantially coplanar to each other, and paral-
lel and in close proximity to the scanning sur-
face.
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